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METHOD OF REACTING CARBOXYLIC ACIDS 

The invention relates to a method of reacting carboxylic acids. 

In accordance with a first aspect of the invention, there is provided a method of 
reacting carboxylic acids comprising, using electrodes to apply an electrical voltage 
between opposite ends of a channel containing a liquid, providing first and second 
carboxylic acid molecules, each carboxylic acid molecule having a carbon atom a to 
a carboxylic acid group, the electrical voltage causing the carboxylic acid molecules 
to react together with the loss of the carboxylic acid groups and the formation of a 
product molecule in which a bond links the a carbon atoms together, the reaction 
taking place in the liquid in the channel and spaced from the electrodes. 

In accordance with a second aspect of the invention, there is provided a method of 
reacting carboxylic acids comprising, providing first and second carboxylic acid 
molecules in a liquid in a channel, each carboxylic acid molecule having a carbon 
atom a to a carboxylic acid group, applying an electrical voltage to cause electro- 
osmotic movement of the liquid along the channel, the electrical voltage causing the 
carboxylic acid molecules to react together in the channel with the loss of the 
carboxylic acid groups and the formation of a product molecule in which a bond links 
the a carbon atoms together. 

The methods of the current invention are useful in the chemical synthesis of a large 
number of products. 

The following is a more detailed description of examples of the invention, reference 
being made to the appended drawings in which: 

Figure 1 is a schematic, perspective view of two blocks used to form a micro-reactor; 
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Figure 2 is a schematic plan view from above of the assembled micro-reactor; 

Figure 3 is a reaction scheme showing the reaction of i?-phenylbutyric acid to form 
stereoisomeric products; 

Figure 4 is a reaction scheme showing reaction of a generic carboxylic acid; and 
Figure 5 shows the reaction of two different carboxylic acids to form three products. 
Kxample 1 

In this example, £-phenylbutyric acid 10 is reacted as shown in Figure 3, and as 
described in detail below. The reaction can be performed in the micro-reactor 11 
shown in Figure 2. 

As shown in Figure 1, the micro-reactor 11 is formed from a lower block 12 and an 
upper block 13, both of borosilicate glass. The lower block 12 has an upper surface 
14 in which is formed a first groove 15 having a first end 16 and a second end 17. A 
second groove 18 is also formed in the upper surface 14 of the lower block 12. The 
second groove 18 extends perpendicularly to the first groove 15, from the mid-point 
19 of the first groove 15 to an end 20 of the second groove 18. Each of the first and 
second grooves 15, 18 has a width of about 150 and a depth of about 30 /^m. The 
grooves 15, 18 may be formed in any known manner, for example by etching. 

The upper block 13 has a lower surface 21 and an opposite upper surface 22. First, 
second and third cylindrical holes 23, 24, 25 extend between the lower surface 21 and 
the upper surface 22 of the upper glass block 13. 

To form the micro-reactor 11 shown in Figure 2, the upper surface 14 of the lower 
glass block 12 is connected to the lower surface 21 of the upper glass block 13. The 
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lower surface 21 of the upper glass block 13 closes the first groove 15 to form a first 
channel 15 ! of the micro-reactor 11 and also closes the second groove 18 to form a 
second channel 18' of the micro-reactor 11. The second channel 18' connects with the 
first channel 15' at the mid-point 19. When the upper surface 14 of the lower block 
12 is connected to the lower surface 21 of the upper block 13, the first cylindrical hole 
23 lies over the first end 16 of the first groove 15 and forms a first reservoir A, the 
second cylindrical hole 24 lies over the second end 17 of the first groove 15 and forms 
a second reservoir B, and the third cylindrical hole 25 lies over the end 20 of the 
second groove 18 and forms a third reservoir C. Hence, the first and second reservoirs 
A, B communicate with the first channel 15 ! and the third reservoir C communicates 
with the second channel 18 1 . 

Each of the first channel 15' and the second channel 18 1 also has a width of about 150 
yum and depth of about 30 /um. 

In forming the micro-reactor 11, the upper surface 14 of the lower glass block 12 and 
the lower surface 21 of the upper glass block 13 may be connected in any known way, 
for example by thermal bonding. 

The micro-reactor 11 is prepared for use by filling the first and second channels 15\ 
18' with dimethylformamide. This can be done, for example, by filling the first 
reservoir A with dimethylformamide and by applying a positive pressure to the first 
reservoir A so as to push the dimethylformamide through the first and second channels 
15', 18'. Once the first and second channels 15\ 18' have been filled with 
dimethylformamide, excess dimethylformamide is removed from the first, second and 
third reservoirs A, B, C. 

A solution of 0.1 M ^-phenylbutyric acid in dimethylformamide is then added to the 
first reservoir A. Dimethylformamide alone is added to the second reservoir B and 
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to the third reservoir C. Respective platinum electrodes (not shown) are then placed 
in the first reservoir A and in the third reservoir C, so that the electrodes contact the 
respective liquids in the reservoirs. Then, while the electrode in the third reservoir C 
is maintained as a ground electrode, a voltage of from +700 to +1,000 V is applied to 
the electrode in the first reservoir A. The distance between the first and third 
reservoirs A, C, that is to say the distance along the first channel 15' from the first 
reservoir A to the mid-point 19 plus the distance from the mid-point 19 along the 
second channel 18' to the third reservoir C, is 3 cm. Accordingly, the voltage range 
of +700 to +1,000 V corresponds to an electrical field strength of about 230 to about 
330 V/cm. Field strengths in this range have been found to be suitable for the reaction 
discussed below. The reaction discussed below was found not to occur at field 
strengths of less than about 230 V/cm in the micro-reactor described above. 

The application of the voltage causes the £-phenylbutyric acid solution to move from 
the first reservoir A through the first channel 15 ! to the mid-point 19 and then through 
the second channel 18' to the third reservoir C. This movement is due to electro- 
osmosis caused by the electrical voltage. During this process, the £-phenylbutyric 
acid 10 is consumed to form the stereoisomeric products 26, 27 shown in Figure 3. 
Without limiting the invention to any particular reaction mechanism, it is thought that 
the application of the electrical voltage causes each molecule of #-phenylbutyric acid 
10 to de-carboxylate so as to form a respective molecule of the radical 28 shown in 
Figure 3. De-carboxylation gives rise to CO z . As shown in Figure 3, the un-paired 
electron of each radical 28 is thought to be located on the carbon atom that was 
previously a to the carboxylic acid group of the tf-phenylbutyric acid molecule 10 
from which the radical 28 was formed. It is thought that two of these radicals 28 then 
dimerise with the formation of a carbon-carbon bond between the two a carbon atoms 
(i.e. the two carbon atoms that were previously a to the carboxylic acid groups of the 
£-phenylbutyric acid molecules). As seen in Figure 3, the carbon atoms of the 
radicals 28 on which the free electrons are located are prochiral, and this explains the 
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observed stereoisomer^ nature of the product. 

It is believed that the reaction shown in Figure 3 takes place in the first and second 
channels 15', 18'. It is postulated that the redox processes may be induced inside the 
channels 15\18 ! due to a combination of electric field strength (i.e. Vcm 1 applied) and 
polarization of solution based charge carrying species associated with the formation 
of the electrical double layer (that is involved in electro-osmotic flow) at the channel 
surface. The reaction may also take place (although not exclusively) at the surfaces 
of the electrodes. 

The reaction can be performed with any carboxylic acid which has a carbon atom a 
to the carboxylic acid group. This is shown generically in Figure 4. As represented 
in Figure 4, two molecules of the carboxylic acid de-carboxylate to form two radicals, 
with the un-paired electrons being located on the carbon atoms that were previously 
a to the carboxylic acid groups. The two radicals then react with the formation of a 
bond between the carbon atoms that were previously a to the carboxylic acid groups. 
Although not shown in Figure 4, the carboxylic acid groups give rise to carbon 
dioxide. 

The fact that, in the system described above, the reaction of ^-phenylbutyric acid did 
not occur at electric field strengths of less than about 230 V/cm means that the 
reaction can be controlled (turned on or off) by adjusting the voltage above or below 
this threshold. Similar electrical field thresholds may apply to other carboxylic acid 
reactions and/or other systems. These may not be at the same value (230 V/cm), but 
can be readily determined by simple experimentation. 


In this example, first and second different carboxylic acids 29, 30 are reacted 
together, as shown schematically in Figure 5, in the micro-reactor 1 1 described above 
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in Example 1. Each of the two carboxylic acids 29, 30 that are reacted together has 
a carbon atom a to the carboxylic acid group. 

Firstly, the first and second channels 15\ 18' of the micro-reactor 11 are filed with 
dimethylformamide, as discussed above. 

A 0.1M solution of the first carboxylic acid 29 (R l COOH), in dimethylformamide, is 
then added to the first reservoir A. A 0.1M solution of the second carboxylic acid 30 
(R 2 COOH), in dimethylformamide, is added to the second reservoir B. The solvent 
dimethylformamide is added to the third reservoir C Respective platinum electrodes 
(not shown) are then placed in the first, second and third reservoirs A, B, C. While 
maintaining the electrode in the third reservoir C as the ground electrode, positive 
electrical voltages are applied to the electrodes in the first and second reservoirs A, 
B. Typically, respective voltages in the range of 100 to 2000 V, preferably 500 to 
1000V, are applied to each of these electrodes. 

The application of the voltages causes the solution of the first carboxylic acid 29 
(R^OOH) to move from the first reservoir A along the first channel 15' to the mid- 
point 19 and then along the second channel 18' towards the third reservoir C. 
Similarly, the application of the voltages causes the second carboxylic acid 30 
(R 2 COOH) to move from the second reservoir B along the first channel 15' to the mid- 
point 19 and then along the second channel 18 1 towards the third reservoir C. The 
movement of both of the solutions is caused by electro-osmosis. As will be evident 
from Figure 2, the first carboxylic acid 29 (R^OOH) and the second carboxylic acid 
30 (R 2 COOH) meet at the mid-point 19 and mix as the solutions progress along the 
second channel 18 f . 

It is believed that the application of the electrical voltages causes the first and second 
carboxylic acids 29, 30 to de-carboxylate and to form corresponding first and second 
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radicals 31,32. Hence, as shown in Figure 5, a molecule of the first carboxylic acid 
29 (R^OOH) forms a molecule of a first radical 31 (R 1 *) in which the un-paired 
electron is located on the carbon atom that was previously a to the carboxylic acid 
group. De-carboxylation of a molecule of the second carboxylic acid 30 (R 2 COOH) 
gives rise to a molecule of a second radical 32 (R 2 ») in which the un-paired electron 
is also located on the carbon atom that was previously a to the carboxylic acid group. 
De-carboxylation gives rise to carbon dioxide. In the second channel 18', molecules 
of the first radical 31 (R 1 * ) and molecules of the second radical 32 (R 2 « ) exist 
together. Accordingly, a molecule of the first radical 31 (R 1 *) may react with a 
molecule of the second radical 32 (R 2 *) to form a molecule of a first product 33 (R 1 - 
R 2 ) in which there is a carbon-carbon bond between the carbon atom that was 
previously a to the carboxylic acid group of the first carboxylic acid 29 (R^OOH) 
and the carbon atom that was previous a to the carboxylic acid group of the second 
carboxylic acid 30 (R 2 COOH). In a similar manner, two molecules of the first radical 
31 (R 1 *) may dimerise to form a molecule of a second product 34 (R^R 1 ), and two 
molecules of the second radical 32 (R 2 *) may dimerise to form a molecule of a third 
product 35 (R 2 -R 2 ). As for the first product 33 (R l -R 2 ), the second product 34 (R^R 1 ) 
and the third product 35 (R 2 -R 2 ) also have carbon-carbon bonds between the carbon 
atoms that were previously a to the carboxylic acid groups. 

In the portion of the first channel 15' leading from the first reservoir A to the mid- 
point 19 the first radical 31 (R 1 *) may be formed and may dimerise to form the second 
product (R l -R*). In the portion of the first channel 15' extending between the second 
reservoir B and the mid-point 19, the second radical 32 (R 2 *) may be formed and may 
dimerise to form the third product 35 (R 2 -R 2 ). However the first and second radicals 
31, 32 (R 1 * and R 2 *) do not exist together in these portions and so the first product 33 
(R l - R 2 ) is not formed in these portions. 

The first and second carboxylic acids 29,30 (R^OOH and R 2 COOH) can be any 
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different carboxylic acids that have a carbon atom a to a carboxylic acid group. 

It will be appreciated that the methods discussed above may be modified while 
remaining within the scope of the claims. 

Firstly, the method of the current invention may be performed in micro-reactors 
having any number of channels. Where there are a plurality of channels, the channels 
may be interconnected in any desired configuration. The carboxylic acid reactions of 
the current invention may be combined with other reactions, in the same micro- 
reactor. 

The micro-reactor 1 1 of Examples 1 and 2 above need not be made of borosilicate 
glass. Where electro-osmotic flow is required, micro-reactors are generally made 
from materials that have negatively charged surfaces. Other suitable materials are 
silica and quartz. A more detailed description of electro-osmosis, and the 
requirements for electro-osmotic flow is given in the review by S J Haswell entitled 
"Development and Operating Characteristics of Miro Flow Injection Analysis Systems 
Based on Electro-osmotic Flow" in Analyst, January 1997, Vol. 122(1R-10R). This 
document is incorported herein by reference. 

In Examples 1 and 2 above, where electro-osmosis takes place, the solvent 
dimethylformamide may be replaced by any solvent capable of supporting electro- 
osmotic flow. As more thoroughly discussed in the review by S J Haswell, a solvent 
suitable for electro-osmosis should either disassociate to some extent to generate 
positive ions (that counter the negative surface charges lining the channels of the 
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micro-reactor), or should form dipoles having the same effect. Other suitable solvents 
include tetrahydrofuran, methanol, dimethyl sulfoxide, ethanol, and acetonitrile. 

It will be appreciated that the channel of the current invention may be a portion of a 
larger channel. The channel may be considered to have "ends", which delineate it 
from the rest of the larger channel, but which need not be marked by any change in 
channel configuration. Hence, the channel can be a portion of a larger channel that 
has a constant cross-sectional configuration along its whole length. 

Throughout this specification, the terms carboxylic acid and carboxylic acid molecule 
cover both carboxylic acid molecules and also molecules of the corresponding 
carboxylate anions (i.e. RCOO"). 

The cross-sectional configuration and dimensions of the channel of the current 
invention may vary. In general, the channel preferably has a maximum cross- 
sectional dimension in the range of 10 to 400 jum. More preferably, the maximum 
cross-sectional dimension is in the range of 100 to 200 fum. 

In the Examples given above, the carboxylic acids are reacted using 0.1 M solutions. 
Other concentrations may be used. Preferably the carboxylic acids will be used at 
concentrations in the range of from 0.01 to 5.0 M, and more preferably from 0.1 to 
0.5M. 


